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ELECTROSTATIC DROPLET COLLECTOR WITH 
REPLACEABLE ELECTRODE 
BACKGROUND AND SUMMARY 

[0001] The invention relates . to internal combustion engine 

5 electrostatic crankcase ventilation systems, including for diesel engines, and more 

particularly to the EDC, electrostatic droplet collector, in such system. 

[0002] Electrostatic collectors or precipitators, including for diesel 

engine electrostatic crankcase ventilation systems, are known in the prior art. In its 

simplest form, a high voltage corona discharge electrode is placed in the center of a 

10 grounded canister or tube forming an annular ground plane providing a collector 
electrode aroxmd the discharge electrode. A high DC voltage, such as several 
thousand volts, e.g. 15 kV, on the center discharge electrode causes a corona 
discharge to develop near the electrode due to high electric field intensity. This 
creates charge carriers that cause the ionization of the gas in the gap between the 

15 high voltage electrode and the ground electrode. As the gas containing suspended 
particles flows through this region, the particles are electrically charged by tiie ions. 
The charged particles are then precipitated electrostatically by the electric field onto 
the interior surface of tiie collecting tube or canister. 

[0003] EDCs have been used in diesel engine crankcase ventilation 

20 systems for removing suspended particulate matter including oil droplets firom the 
blowby gas, for example so that the blowby gas can be returned to the atmosphere, 
or to the firesh air intake side of the diesel engine for further combustion thus 
providing a blowby gas recirculation system. EDCs are also used in other internal 
combustion engine electrostatic crankcase ventilation systems for receiving 

25 recirculation gas firom the engine, and returning cleaned gas to the engine. 

[0004] The corona discharge electrode assembly as commonly used in 

the prior art has a holder or bobbin with a 0.006 inch diameter wire strung in a 
diagonal direction. The bobbin is provided by a central drum extending along an 
axis and having a pair of annular flanges axially spaced along the drum and 
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extending radially outwardly therefrom. The wire is a continuous member strung 
back and forth between tiie aimular flanges to provide a plurality of segments 
supported by and extending between the annular flanges and strung axially and 
partially spirally diagonally between the flanges. 
5 [0005] When the EDC is in service on a diesel engine, a build-up of 

sludge ofl:en occurs on the groimded electrode, i.e. the annular groimd plane 
provided by the canister. This sludge build-up can cause a degradation of the 
performance of the EDC, and increases frequency of arcing. Prior solutions to ttds 
problem have focused on cleaning the assembly. 

10 [0006] The present invention provides an EDC with a replaceable 

electrode assembly which is connectable and removable in a simple servicing step 
enabling and facilitating replacement at regular service intervals. In preferred form, 
part of the EDC is permanent and remains attached to the engine or an underhood . 
mounting location, and only low cost items are replaced. The ease of servicing 

15 promotes periodic replacement, thus avoiding the noted degradation of 
performance. In further preferred form, the electrode assembly is replaced in a 
simple spin-on, spin-off step, comparable to replacing an oil filter. In one 
embodiment, both the collector electrode and the discharge electrode are removed 
as a unit from a mounting head in the system. In another embodiment, only the 

20 collector electrode is removed. 

BRIEF DESCRIPTION OF THE DRAWING 
[0007] Fig. 1 is a perspective assembly view of an EDC, electrostatic 

droplet collector, in accordance with the invention. 
25 [0008] Fig. 2 is a sectional view of the stmcture of Fig. 1 . 

[0009] Fig. 3 is a perspective view of a component of Fig. 2. 

[0010] Fig. 4 is a perspective view of another component of Fig. 2. 

[0011] Fig. 5 is a perspective view of another component of Fig. 2. 

[0012] Fig. 6 is a perspective view of another component of Fig. 2. 
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[0013] Fig. 7 is an enlarged view of ia portion of Fig. 2. 

[0014] Fig. 8 is an exploded perspective view of a portion of Fig. 1 . 

[0015] Fig. 9 is a sectional view of a portion of Fig. 8. 

[0016] Fig. 10 is a sectional view similar to Fig. 2 and showing 

5 another embodiment. 

DETAILED DESCRIPTION 
[0017] Fig. 1 shows an EDC, electrostatic droplet collector, assembly 

20 for an intemal combustion engine 22 having an electrostatic crankcase 

10 ventilation system, e.g. receiving recirculation g£is from the engine, such as blowby 
gas from a diesel engine, at inlet 24 as shown at arrow 26, and returning cleaned gas 
to the atmosphere or to the engine from outlet 28 as shown at arrow 30. Collected 
particulate is discharged at valved drain port 32, as is known. The assembly 
includes a cylindrical canister 34 having the noted inlet 24, and a mounting head 36 

15 having the noted outlet 28. A corona discharge electrode assembly 38, Fig. 2, is in 
the canister and removable therewith as a unit from the movmting head, to be 
described. 

[0018] The corona discharge electrode assembly includes an 

electrically insulating holder or bobbin 40, Fig. 3j as known in the prior art, with a 

20 conductor wire 42 strung in a diagonal direction. The bobbin is provided by a 
central hollow drum extending axially along an axis 44 and having a pair of annular 
flanges 46, 48 spaced along the drum and extending radially outwardly therefrom. 
Wire 42 is a continuous member strung back and forth between the annular flanges 
to provide a plurality of segments supported by and extending between the annular 

25 flanges and strung axially and partially spirally diagonally between the annular 
flanges. In further embodiments, flie corona discharge electrode may be provided 
as shown in commonly owned co-pending U.S. Patent Application No. 10/634,565, 

filed August 5, 2003 or Application No. , filed on even 

date herewith, Atty. Docket 4695-00097. Bobbin 40 is attached to an electrically 
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insulating disk 50, Figs, 2, 4, e.g. by screw holes such as 52. Insulator disk 50 has a 
high voltage electrode 52 attached thereto by tiireaded nut 54 to connect electrode 
52 to conductor strip 56 to conduct current to wire 42, as is known. Insulator disk 
50 has a plurality of exit apertures 58 around its circumference for conducting 
5 recirculation gas therethrough from corona discharge zone 60 into plenum 62. The 
recirculation gas passes from inlet 24 tihen through corona discharge zone 60 
between high voltage corona discharge electrode 42 and the collector electrode 
provided by the annular groimd plane canister 34 then through apertures 58 into 
plenum 62 then through mounting head 36 to outlet 28 at arrow 30. 

10 [0019] Canister 34 extends axially along axis 44 and has an open axial 

end 60 facing mounting head 36. A mounting plate 63, Figs. 2, 5, 7, has a first 
portion 64 attached to canister 34, e.g. by welding or by crimping the end of the 
canister over portion 64 as shown at 66. Mounting plate 63 is a nut plate having a 
second portion 68 removably mountable to the mounting head preferably in 

15 threaded relation as shown at threads 70. Electrical insulator 50 is attached to 
mounting nut plate 63, preferably by being permanently bonded thereto. Mounting 
nut plate 63 has first segment 64 attached to canister 34, which segment 64 is also 
sealed to the mounting head by an aimular gasket 72 therebetween, such as rubber 
or ottier elastomeric material. Second segment 68 of mounting nut plate 63 engages 

20 the mounting head in threaded relation at 70. Segment 64 of the mounting nut plate 
is attached to canister 34 at open axial end 60 of canister, and segment 64 and open 
axial end 60 are sealed to the mounting head by annular gasket 72 therebetween. 

[0020] Moimting nut plate 63, Figs. 2, 5, 7, has an intermediate 

shoulder 74 extending radially inwardly from first segment 64 to second segment 

25 68. Segment 64 extends axially upwardly from shoulder segment 74 and supports 
gasket 72. Segment 68 extends axially downwardly from shoulder segment 74. 
Segment 68 has a first face 76 facing radially inwardly and threaded at 70. 
Segment 68 has a second face 78 facing radially outwardly. Electric insulator 50 
has an outer L-shaped flange 80 having a first leg 82 extending axially upwardly 



along second face 78 of second segment 68 of mounting nut plate 63. L-shaped 
flange 80 has a second leg 84 extending radially inwardly from first leg 82 and 
beneath second segment 68 of moimting nut plate 63. Plenum 62 in the mounting 
head is radially inward of the threaded engagement at 70 of second segment 68 of 
5 mounting nut plate 63 and the mounting head. 

[0021] Moimting head 36 includes an inverted L-shaped flange 86, 

Figs. 2, 6, 7, having a first leg 88 extending radially outwardly and above first 
segment 64 of moimting nut plate 63 and open axial end 60 of canister 34 and 
sealed thereto by gasket 72 in axial compression. Inverted L-shaped flange 86 has a 

10 second leg 90 extending axially downwardly and haviag a first face 92 facing 
radially outwardly and threadingly engaging at 70 the first face 76 of second 
segment 68 of moimting nut plate 63. Second leg 90 of inverted L-shaped flange 86 
has a second face 94 facing radially inwardly and defining plenum 62. Second leg 
90 of inverted L-shaped flange 86 extends axially downwardly to a lower end 96 

15 above second leg 84 of L-shaped flange 80 of electrical insulator 50. Apertures 58 
extend axially through second leg 84 of L-shaped flange 80 radially inward of 
second leg 90 of iaverted L-shaped flange 86. Recirculation gas flows from inlet 
24 through a first annulus 60 between electrical conductor 42 and canister 34. 
Electrical insulator 50 is the noted disk haviag an outer portion with L-shaped 

20 flange 80 extending outwardly therefrom, and having a central portion with a 
columnar stalk 98 extending axially upwardly therefrom into plenum 62 and spaced 
radially inwardly of second leg 90 of inverted L-shaped flange 86 by a second 
annulus 100 therebetween defining plenum 62. Second annulus 100 has a smaller 
outer diameter than first annulus 60. The outer diameter of second annulus 100 is 

25 substantially equal to the inner diameter of first annulus 60. 

[0022] The disclosed construction provides a removable and 

replaceable EDC assembly. The moimting plate provided by nut plate 63 engages 
the mounting head in threaded relation at a location 70 radially inward of gasket 72. 
First and second faces 76 and 78 of the mounting nut plate face radially in opposite 
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directions, and mounting nut plate 63 at such faces is radially between the mounting 
head at 90 and the electrical insulator 50 at leg 82 on radially distally opposite sides 
thereof. The electrical insulator has a face 102 facing radially inwardly and 
engaging face 78 of the moimting nut plate. Face 102 of the electrical insulator is 

5 radially outward of face 92 of the mounting head 

[0023] Inverted L-shaped flange 86 is moimted at bolt or rivet holes 

104, Fig. 6, to an upper cap or housing 106 of the mounting head 36, Figs. 1, 2, 6, 8. 
Cap 106 is moimted at bolt holes 108 to tiie engine or a designated location in the 
engine compartment. A first wall or divider 110 is mounted to the cap at bolt or 

10 screw holes 112 and defines the upper wall of plenum 62. A second wall or divider 
1 14 is mounted to the cap at bolt or screw holes 116 and is spaced above wall 110 
by different height stand-offs in the cap, for example longer stand-offs 1 18 for wall 
110, and shorter stand-oflfe 120 for wall 114. Wall 114 is thus spaced above wall 
1 10 by a space or gap therebetween. Wall 1 14 is provided by a circuit board having 

15 power supply circuitry thereon (not shown) electrically connected extemally 
through plug fitting 122 for supplying electrical current to the power supply 
circuitry. The power supply circuitry supplies the noted high voltage to a female 
electrode terminal 124, Fig. 9, mounted to the circuit board and shrouded by 
electrically insulating boot 126 and having a socket receptacle 128 receiving upper 

20 male end 130 of electrode terminal 52 upon moxmting of the canister and corona 
discharge assembly to mounting head 36. Columnar stalk 98 extends upwardly 
through opening 132 in wall 110. Walls 110 and 114 have respective cut-outs or 
openings 134 and 136 aligned with tubular opening 138 formed through cap 106 
and exiting at outlet 28, to pass recirculation gas firom plemmi 62 through cut-outs 

25 134, 136 then through tubular passage 138 to outlet 28 for return to the engine. 

[0024] The invention provides a method for easily servicing an 

intemal combustion engine crankcase ventilation system having an EDC, by 
removing the corona discharge electrode assembly 38 and flie canister 34 as a imit 
firom mounting head 36, for replacement by replacing a new corona discharge 
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electrode assembly and canister and mounting same as a unit to mounting head 36. 
The mounting head, including cap 106 and flange 86 and the components therein, 
remain attached to the engine or a designated mounted location in the engine 
compartment. Canister 34 with corona discharge electrode assembly 38 therein is 

5 discarded. Canister 34, mounting nut plate 63, insulator 50 and conductor 42 are 
installed as a imit by detachable mounting of mounting nut plate 63 to the mounting 
head at threads 70. Canister 34, mounting nut plate 63, insulator 50 and conductor 
42 are removed as a unit by detaching mounting nut plate 63 from the moimting 
head at threads 70. The canister is simply unscrewed from its threaded relation 

10 with the mounting head, comparably to removal of an oil filter. This familiarity is 
considered desirable to encourage maintenance at recommended intervals by 
service personnel, without having to leam imfamiliM service procedures. 

[0025] In continuing development, it is anticipated that various 

altematives will be considered, including integration of threads, flanges and the like 

15 into castings of the components such as the power supply housing or mounting 
head, various alternate electrical connections for the high voltage terminal such as a 
pin and socket type of connector providing positive coimection and tolerating slight 
misalignment witiiin set tolerances. 

[0026] Fig. 10 shows another embodiment and uses Uke reference 

20 numerals from above where appropriate to facilitate understanding. In this 
embodiment, only the collector electrode provided by the outer canister is removed 
from the mounting head, while the discharge electrode assembly remains mounted 
to the mounting head. EDC assembly 20a includes a canister 34a mounted to 
mounting head 36a. Corona discharge electrode assembly 38a in canister 34a is 

25 spaced from the canister by gap 60 providing a corona discharge zone, with canister 
34a providing the collector electrode. Canister 34a is removably mounted to 
mounting head 36a at tiireads 35 to permit removal of the collector electrode 
provided by canister 34a and replacement with a new collector electrode provided 
by a new canister. In Fig. 2, corona discharge electrode assembly 38 is mounted to 
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canister 34, as above described, and removable therewith as a unit from the 
mounting head. In Fig. 10, corona discharge electrode assembly 38a is moxmted to 
the moxmtiag head, e.g. by welding or bonding or the like at interface 37, and 
remains mounted to the mounting head upon removal of canister 34a from 

5 mounting head 36a. Canister 34a engages moxmting head 36a in threaded 
engagement at threads 35 such that tiie canister is moxmted to the moimting head in 
spin-on relation, and is removed from the mounting head in spin-off relation. 
Canister 34a extends axially along axis 44 between first and second axial ends 34b 
and 34c. End 34b is close and has the noted inlet 24. End 34c is open and faces 

10 mounting head 36a and has the noted threads 35 threaded to the mounting head in 
threaded engagement. The upper portion of mounting head 36a is like moimting 
head 36 and has the noted outlet 28. Corona discharge electrode assembly 38a is 
like corona discharge electrode assembly 38 along bobbin 40 and has the noted 
electrical conductor 42 attached to the electrical insulator provided by bobbin 40 

15 and electrically insulating disk 50a having one or more apertures 58a passing gas 
axially therethrough from canister 34a to mounting head 36a. Apertures 58a are 
radially inward of threads 35 and are axially aligned with gap 60 providing the 
corona discharge zone. Gas flows through apertures 58a into plenum 62a in the 
mounting head, which plenum is radially inward of threads 35. Gas flows from 

20 inlet 24 through a first annulus at 60 and flows through a second annulus in plenum 
62a. The first annulus has a larger inner diameter than the second annulus. 

[0027] It is recognized that various equivalents, alternatives and 

modifications are possible within the scope of the appended claims. 
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